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Abstract 

We explored the effects of relative motion on the excitation of surface-plasnion-polariton (SPP) waves 
guided by the planar interface of a metal film and a dielectric slab, both materials being isotropic and 
homogeneous. Electromagnetic phasors in moving and non-moving reference frames were related directly 
using the corresponding Lorentz transformations. Our numerical studies revealed that, in the case of a 
uniformly moving dielectric slab, the angle of incidence for SPP-wave excitation is highly sensitive to (i) the 
ratio P of the speed of motion to speed of light in free space and (ii) the direction of motion. When the 
direction of motion is parallel to the plane of incidence, the SPP wave is excited by p-polarizcd (but not 
s-polarized) incident plane waves for low and moderate values of /3, while at higher values of /3 the total 
reflection regime breaks down. When the direction of motion is perpendicular to the plane of incidence, the 
SPP wave is excited by p-polarizcd incident plane waves for low values of /3, but s-polarized incident plane 
waves at moderate values of /?, while at higher values of j3 the SPP wave is not excited. In the case of a 
uniformly moving metal film, the sensitivity to /3 and the direction of motion is less obvious. 
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1 Introduction 



In quantum mechanical terms, a surface plasmon-polariton (SPP) is a quasiparticlc. Created by the in- 
teraction of photons in a dielectric material and electrons in a metal, a SPP travels along the interface of 
the metal and the dielectric material [1]. In classical terms, a SPP wave propagates guided by the interface 
with an amplitude that decreases exponentially with distance from the interface. Over the past few decades, 
SPP waves have been widely investigated, in part because of the opportunities that they present for optical 
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sensing applications [2, 3]. Most published research deals with SPP waves guided by the interface of a metal 
with an isotropic dielectric material, both homogeneous [4, 5, 6]. Guidance by the interface of a metal with 
an anisotropic dielectric material has also been examined [7, 8, 9, 10, 11, 12]. The interface of a metal with 
a periodically nonhomogeneous and anisotropic dielectric material has recently been found to support more 
than one mode of SPP-wave propagation at a fixed frequency [13, 14, 15]. 

In this communication, we address a fundamental issue: the efltect of relative uniform motion on SPP- 
wave propagation guided by the planar interface of a metal and a dielectric material, both isotropic and 
homogeneous. This is done using a modification [16] of the standard Kretschmann configuration [4], as de- 
tailed in Sec. 2. Electromagnetic phasors in moving and non-moving (laboratory) inertial reference frames 
are related directly using the corresponding Lorentz transformations [17, 18], and not the Minkowski con- 
stitutive relations [19, Chap. 8]. Section 3 provides numerical results, and some remarks in Sec. 4 close this 
communication. 

As regards notation, vectors and matrixes are written in boldface, with the " symbol denoting a unit 
vector. Square brackets enclose 2-, 4- and 6-vectors, as well as 2x2, 4x4 and 6x6 matrixes. Double 
underlining indicates a 3x3 dyadic, with the identity dyadic / = xx + yy-|-zz and the null dyadic being 

0. The permittivity and permeability of free space are denoted by eg and fiQ ; the free-space wavenumber at 
angular frequency a; is fco = coy'eofio; and cq = oj/feg- 

2 Analysis 

The partition of space into four distinct layers provides the backdrop for our analysis: 

(i) the half-space z < is occupied by a dielectric material with relative permittivity scalar e,; with respect 
to the inertial reference frame IT, which is the laboratory frame; 

(ii) a thin metal film of relative permittivity scalar e™ with respect to the inertial reference frame 11 fills 
the layer < z < L,n', 

(iii) a dielectric slab of relative permittivity scalar with respect to the inertial reference frame 11' fills 
the layer Lm < z < is; and 

(iv) the half-space z > is is occupied by a dielectric material with relative permittivity scalar et with 
respect to the inertial reference frame IT. 

All four materials arc homogeneous and their relative permittivity scalars are frequency-dependent in their 
respective co-moving inertial reference frames. Dissipation is small enough to be ignored in both materials 
occupying the two half-spaces as well as in the dielectric slab. The reference frame H' moves at uniform 
velocity v = uv, in the xy plane, with respect to the laboratory frame 11. This setup, schematically illustrated 
in Fig. 1 for the case v = x, represents a modification [16] of the standard Kretschmann configuration [4], 
suitable for launching SPP waves guided by the planar interface of the metal film and the dielectric slab; 

1. e., along z = Lm- 

Suppose that an arbitrarily polarized plane wave in the half-space z < is directed towards the metal 
film. Its wavevector lies in the xz plane, making an angle 0i G [0, 7r/2) to the +z axis, in the laboratory frame 
n. In consequence, a reflected plane wave is generated in the half-space z < along with a transmitted 
plane wave in the half-space z > L^- In the laboratory frame, the total electric field phasor in the half-space 
z < may be written as 

E(r,a;) = { [usUy + app+{9^)]cxp {ikoy^i z cosdi) + [vsUy + rpp_ (6*^] exp (-ifcoV^z cos6'i) } 



X exp (iKx) , 



z < 0, 



(1) 



whereas that in the half-space z > may be written as 



E(r,w) = [tsUy + <pP+(6'()] exp [iko^/e^ {z - L^) cosdt] exp (ikx) , 



z > £s. 



(2) 
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Here p±{0) = Tu^ cos 6 + sin6', k = koy/ei smOi and the angle of transmission 0t in frame 11 satisfies 

sin^i = sin^t. (3) 

Our task is to relate the complex-valued reflection and transmission amplitudes — namely rs, Tp, ts and 
tp — to the corresponding amplitudes as and ap of the s- and p-polarized components of the incident plane 
wave. 

For later use, we note that the wavevector 



kj K X + ko^/el cos 0^ z, z < 0, 



(4) 



of the incident plane wave in frame 11 is related to its counterpart k^ in frame 11' by the Lorcntz transformation 
[19, 20] 



where the scalar parameters 



The angular frequencies in the two frames are related per 

w = 7 (oj' + k- • v). 



Co 



(5) 
(6) 

(7) 



In the metal film, the electric and magnetic field phasors with respect to the laboratory frame H, namely 
E(r, w) = e{z, k, lo) exp (iKx) and H(r, lu) = \i{z, k, lj) exp (iKx), are related via the Maxwell curl postulates; 
thus. 



dz 



[f(z,K,w)] ^ z[P(e™,K,w)] [f(z,K,a;)] , < z < L„, 



where the 4-vector 



[f{z,K,Uj)] 



e(z,K,w) • y 
h(z, K, w) • X 
h{z,K,u) -y 



and the 4x4 matrix 



[P(e,K,w)] = uj 









Mo r — 



- eoe 




Mo 





The solution to the matrix ordinary differential equation (8) is conveniently stated as 

[f{Lm, K, UJ)] ^ [M(e„, Lr,^, K, Uj)] [f (0, K, Uj)] , 

where the transfer matrix 

[M( = exp{ii„ [P(e,„,K,i:j)]} . 



(8) 



(9) 



(10) 



(11) 



(12) 

In a similar fashion, the electric and magnetic field phasors with respect to frame 11', namely E'(r',a;') = 
e'(z, k', uj') exp (in'x') and H'(r', w') = h'(z, k', uj') exp {in'x'), satisfy the matrix ordinary differential equa- 
tion 



^[i'{z,^',Lu')] = z[Pie'a,K',io')][f'iz,K',Lu')], L.„,<z<L^ 



(13) 
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in the dielectric slab, where the 4~ vector 



e'(z, k' , uj') ■ X 
e'(z,K',a;') • y 
h'(z, k', cj') • X 
\,'[z,K',Lo')-y 



(14) 



the angular frequency uj' is specified by (7) and k' = • x with being specified by (5). The solution to 
the matrix ordinary differential equation (13) is conveniently stated as 



(15) 



We now seek to express the solution (15) in terms of the field phasors in the laboratory frame 11 . Using 
the fact that the z components of e'(z,K',cj') and h'(z,K',cj') are related via the Maxwell curl postulates 
per 

-; h'(z,K',cj') • y 

(16) 



h'(z, k', a;') • z = — - — e (z, k , w ) • y 
we introduce the 6- vector extension of [{'{z, k'jOj')], namely 



i'{z,K\u;') 



- e'(z, 


k' 




X 


e'(z, 


k! 


J) 


y 


e'(z, 


k! 


,^') 


• z 


h'(z 


k' 


,^') 


• X 


h'(z, 


k! 


,^') 


■ y 


h'(z 


k' 


.^') 


• z 



(17) 



and the 6x6 matrix extension of [M(e[j, is — Lm, n' ,uj')], namely M(e'^,is — Lm, n' ,lu') , with components 

= [M(e:i,Ls-i™,'t',c^')U, {1,2,4,5}; p, g e {1, 2, 3, 4} ; 



]VI(e;j,Ls -im,At',cj') 
M(e;i,Ls-im,K',cj') 



= ^ [M(e:;,Ls-i™,K',w')]4„, {1,2,4,5}; (jG {1,2,3,4} 

3q ^^eofd ' 



(18) 
,4}; 
(19) 



= [M{e'^,L^-L^,K',Lj% {1,2,4,5}; g S {1, 2, 3, 4} : 



= 0, p,ge{3,6}. 
Thus, the solution (15) may be extended as 



(20) 
(21) 



(22) 



Now in the dielectric slab the electromagnetic phasors in frames 11 and 11' arc related by the Lorentz 
transformations [20] 



e(z, K, w) = • e'(z, k', a;') 
h(z, K, w) = -A^ • h'(z, k',uj') 



Ljn< Z < is, 



(23) 
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where the 3x3 dyadic 



with 



Thus, (22) leads to 



4^ = (l-7)vv + 7l-^(vxl).(k:iXl 



Lm. < z < Ls 



in the laboratory frame H, with the 6x6 matrix 



and the 6-vector 



4. e 
A , 



M(e;i,iE-L™,K',a;') 



4. 2 
A , 



(24) 
(25) 
(26) 

(27) 



e(z, K, oj) • X 
e{z,K,uj) -y 
e(z, K, cj) • z 
h(z, K, w) • X 
h(z,K,cj) • y 
h(z, K, Cj) • z 

Finally, the counterpart of (15) in the laboratory frame 11 emerges as 

[f{L^,K,uj)] = [N(e^,is - L„i,K,uj)] [f(L„i,K,cj)] , 
wherein the components of the 4x4 matrix [N(e^, — L,„, k, oj)] are given by 



(28) 



(29) 



[N(e^, is - irn, K, w)]pg = N(ed, is - ^m, K, t^) 



p,g€ {1,2,3,4}; p,ge {1,2,4,5}. 



For later use, we introduce the 4x4 matrix [Q(e^,K,aj)] via 

[N(ed, is - im, w)] = exp { « (is - L,n) [Q(ed, k, w)]} , 



(30) 
(31) 



The matrixes [N(e^,L5] — L„i,k,uj)] and [Q(e^,K,a;)] have the same eigenvectors. The eigenvalues ai, £ G 
{1,2,3, 4}, of [N(e^, — i,„, k, a;)] are related to the eigenvalues a£ of [Q{e'^, k, uj)] as follows: 



i (Ls - Lm) ' 



£e {1,2,3,4}. 



(32) 



Upon combining the solutions (11) and (29), and invoking the boundary conditions on the tangential 
components of the electric and magnetic phasors at the planar interfaces, we arrive at the algebraic relation 



ts 

tp 






[K(et, 0t)r^ [N(e'rf, is - Lm, c^)] [M(e,„, L,„, k, u)] [ K(e,, 0,) ] 



(33) 



where the 4x4 matrix 



[K(6,0)] = 






— cos 6* 





cos 9 


1 





1 





-Je cos Q 





\/e cos 6 







Vo 










_Vl 


1)0 





(34) 
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A straightforward manipulation of (33) yields 



and 



rs 




rss 


^ sp 




as 


. '^P . 






Vpp 




ap 


' ts ' 




^SS 


^sp 




ds 


tp 




ips 


tpp 




ap 



wherein the reflection coefficients rss.sp,ps.pp and transmission coefficients tss,sp,ps,pp 
square magnitude of a reflection coefficient provides the corresponding reflectance; i.e. 

Rmn = \rmn\'^, m,ne{s,p}, 

while the four transmittances are specified by 

Re [ cos 0t ] 



(35) 
(36) 

are introduced. The 



Trr 



I tmn I 



i,n <S {s,p}. 



y/el COS 9i 

The absorbances for incident plane waves of the p- and s-polarization states are defined as 



Ap 
A. 



1 - (Rp 



'Tpp ^~ Tsp) 



1 - {Rss + Rps + + Tps) 



(37) 



(38) 



(39) 



These absorbances are used to identify SPP waves in the modified Kretschmann configuration. A sharp high 
peak in the graph of an absorbance versus 9i , occurring at 9i ~ 6\ say, is a distinctive characteristic of SPP 
excitation at the z = L„i interface provided that 

(i) 9\ does not vary when the thickness of the dielectric slab (i.e., — L,„) changes beyond a minimum, 
and 

(ii) all four eigenvalues of the matrix [Q(eJ;, K',a;')] evaluated at 6\ have non-zero imaginary parts. 



3 Numerical studies 

Let us explore by numerical means the effects of relative motion on the propagation of SPP waves guided 
by the planar interface z = Lm- We fix the free-space wavelength in the laboratory frame 11 at 633 nm. 
Next, we choose ti = 6.656 which is the relative permittivity of zinc selenide, and for simplicity wc take 
Ct = Si- For the relative permittivity of the dielectric slab we choose = 2, while for the metal fllm we 
choose e,„ = —56 + 21i which is the relative permittivity of aluminum. The dielectric slab is taken to have a 
thickness of 1000 nm, while the metal film has a thickness of 15 nm; i.e., Ls = 1015 nm and = 15 nm. 

Before considering the effects of relative motion, we must first establish the baseline for our studies, which 
is represented by the scenario wherein there is no relative motion. In Fig. 2, the absorbances Ap and A^ 
are plotted versus angle of incidence for the case (3 — 0. Also plotted on these graphs are the quantities 
Rp = Rpp+Rsp and Rs = Rss+Rps-, calculated when the metal film is absent. A sharp high peak in the graph 
of Ap at 6i — 34.2° — which lies in the angular regime TZp for total reflection in the absence of the metal 
fllm 

^; 

di = 34.2° when the thickness of the dielectric slab is increased beyond 1000 nm and (ii) the eigenvalues of 
[Q(e^, k', oj')] evaluated at 9i = 34.2° all have non-zero imaginary parts. There is no corresponding sharp 
high peak in the graph of As in Fig. 2, in accordance with standard results [3, 4], although an angular regime 
TZs for total reflection in the absence of the metal fllm does exist; note that TZp = TZs when /3 = 0. 



- is the signature of SPP excitation by a p-polarized incident plane wave; for the chosen parameters, 
p — {9i\9i > 33.5°}. This identification is further confirmed by the facts that (i) the Ap-peak remains at 
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3.1 Moving dielectric slab 

Now we investigate the scenario schematically depicted in Fig. 1, where the dielectric slab moves at constant 
velocity parallel to the x axis; i.e., v = x. The absorbance Ap is plotted versus Oi for the relative speeds 
P e {0.3,0.6,0.8,0.85,0.86,0.9} in Fig. 3. To confirm whether any possible SPP peaks occur in the angular 
regime TZp, the quantity Rp = Rpp + Rsp, calculated when the metal film is absent, is also plotted. 

The SPP peak in the plots of Ap is found to arise at lower values of Oi when /3 increases from zero. 
Furthermore, the SPP peak in the plot of Ap observed for /? < 0.85 is joined by another prominent peak 
when j3 > 0.85. For example, at /? = 0.9, there are prominent Ap-peaks at 9i = 6*,?^ = 24.2° and at 
di = 9i =45.7°. These values of 0" and 0" do not vary when the thickness of the dielectric slab is 
increased beyond 1000 nm; and all four eigenvalues of the matrix [Q(e[j, k', w')] evaluated at and 6^^ have 
non-zero imaginary parts. 

The plots of Rp for Lm = in Fig. 3 indicate that the total reflection is not possible at /? > 0.85 for 
sufficiently large angles of incidence and therefore the significance of the two ^p-pcaks at flj^ and Of' is 
unclear. However, the Ap-peak at 6^^ corresponds to the SPP peak observed in the plots of Ap for /3 < 0.85, 
as can be confirmed by tracking this peak while /3 is continuously varied. The plots of As (not shown here) 
corresponding to those of Fig. 3 for /3 G (0, 1) do not exhibit SPP peaks. 

Next we consider the scenario where the dielectric slab moves at constant velocity parallel to the y axis; 
i.e., V = y. The absorbance Ap, and the quantity Rp calculated when the metal film is absent, arc plotted 
versus 6i for the relative speeds /3 G {0.3,0.6,0.7,0.8} in Fig. 4. Unlike for the case of v = x in Fig. 3, 
now the value of 9i at which the ^p-peak indicating the excitation of an SPP wave occurs increases as /3 
increases. Furthermore, this peak vanishes for /3 > 0.7. 

The corresponding plots of absorbance for an s-polarized incident plane wave, provided in Fig. 5, exhibit 
a sharp peak for mid-range values of /3, at angles of incidence in the angular regime TZg. For example, this 
Aj-peak arises at Oi = 47.2° for j3 = 0.6. Further calculations have revealed that this peak is insensitive to 
changes in the thickness of the dielectric slab and all eigenvalues of [Q(e^, k', w')] evaluated at 9i = 47.2° 
have non-zero imaginary parts. 

We therefore infer that, in the case of v = y, the SPP wave is excited by an incident p-polarized plane 
wave for low values of /3, but excited by an incident s~polarized plane wave at higher values of j3. As P 
approaches unity, no absorbance peak indicating the excitation of an SPP wave is observed, for incident 
plane waves of either linear polarization state. 

Clearly, from Figs. 3-5, the direction of motion has a major bearing on the excitation of SPP waves. 
This sensitivity to direction of motion reficcts the fact that k ^ k! when motion is parallel to the plane of 
incidence but n = k! when motion is perpendicular to the plane of incidence, as may be inferred from (5). 

In order to further illuminate this issue, let us investigate the case where the direction of motion is neither 
parallel nor perpendicular to the plane of incidence; i.e., v = xcos'i/' + y sin-;/' where, for example, we choose 
the angle = 45°. In Fig. 6, the absorbance Ap, and the quantity i?p calculated when the metal film is 
absent, are plotted versus Qi for the relative speeds /3 <E {0.3, 0.6, 0.8, 0.88, 0.9, 0.95}. The plots in Fig. 6 
display some features of the plots presented in both Figs. 3 and 4. As is the case when motion is parallel to 
the plane of incidence, the solitary Ap-peak observed at low and moderate values of /? is joined by a second 
peak at higher values of /3. A second Ap-peak begins to emerge in Fig. 6 at /3 « 0.88; it is fully developed 
at /3 = 0.9; and as /3 increases to approximately 0.95, the second Ap-peak coalesces with the first Ap-pcak. 
For example, at /? = 0.9, there are Ap-peaks at Qi = 6^^ — 32.3° and at 6i ~ Of^ = 64.2°. The peak at 
Of^ corresponds to the solitary SPP peak which is observed at low and moderate values of (3. As is the 
case for the two high-/? Ap-peaks in Fig. 3, the values of Of^ and 6*^ do not vary when the thickness of the 
dielectric slab is increased beyond 1000 nm; and all four eigenvalues of the matrix [Q(e^, k', w')] evaluated 
at 6^^ and Of^ have non-zero imaginary parts. We note that the Ap-pcak at 6^^ is considerably sharper than 
the Ap-pcak at Of^ . 

The manifestation of an Aj-peak at moderate values of /3, as may be observed in Fig. 5 when the motion is 
directed perpendicular to the plane of incidence, also occurs when motion is directed along v = (x + y) /\/2, 
as is demonstrated by the plots presented in Fig. 7. Furthermore, the As plots in Fig. 7 exhibit two As-pcaks 
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at high values of /3, which coalesce as /? approaches unity, in a similar manner to the two Ap-peaks observed 
in Fig. 6. 

3.2 Moving metal film 

Next, we turn to a rather different situation. The dielectric slab is now held fixed relative to the half-spaces 
2: < and z > Ls, whereas the metal film moves with velocity v = /3cov in the xy plane. The corresponding 
formulation is isomorphic to that presented in Sec. 2, but with the treatments for the metal film and the 
dielectric slab interchanged. For the case v = x, plots of Ap versus Oi (not shown here) are largely insensitive 
to /3. That is, the ^p-peak indicating the excitation of an SPP wave occurs at approximately the same value 
of 6i and has approximately the same amplitude, regardless of /3. Furthermore, there are no notable peaks 
in the corresponding plots of Ag . 

However, plots of Ap in the case of v y are much more sensitive to /3. As we can see in Fig. 8, the 
Ap-peak indicating the excitation of an SPP wave occurs at slightly higher values of 9i as (3 increases. Also, 
the amplitude of this peak gradually diminishes as /3 increases, to such an extent that the peak is barely 
discernible at /3 = 0.9. In the corresponding plots for a s-polarized incident plane wave (not shown here), 
there is a mere hint of an ^^-peak indicating the excitation of an SPP wave at mid-range values of /3, but 
nothing as obvious as appears in the s-polarization scenario represented in Fig. 5. 

4 Discussion 

Uniform motion can have a major effect on the excitation of SPP waves guided by the interface of a metal 
film and a dielectric slab, both isotropic and homogeneous in their respective co-moving inertial reference 
frames. In the case of a uniformly moving dielectric slab, the angle of incidence for SPP-wave excitation is 
highly sensitive to the relative speed /3 and the direction of motion. For the specific example considered in 
Sec. 3, 

(a) when the direction of motion is parallel to the plane of incidence, the SPP wave is excited by p-polarized 
(but not s-polarized) incident plane waves for low and moderate values of /?; and 

(b) when the direction of motion is perpendicular to the plane of incidence, the SPP wave is excited by 
p-polarized incident plane waves for low values of /?, but s-polarized incident plane waves at moderate 
values of /3, while at higher values of /3 the SPP wave is not excited. 

Some insight into this sensitivity to relative motion can be gained by considering the Minkowski constitu- 
tive relations for the uniformly moving dielectric slab. That is, the electromagnetic response of the uniformly 
moving dielectric slab may be represented in the laboratory frame by the bianisotropic constitutive relations 
[19, Chap. 8] 

D(r, w) = eoErf a • E(r, uj) + — {m x l) ■ H(r, w) 
~ Co ~ 

B(r,a;) = (m x /) • E(r,a;) + fi^a- H(r,a;) 
Co ~ 

V ■ • I - 

l-/?2 

a = a/+(l-a)vv, a = - — ^ (41) 

and 

/3(ew-l) 

m = mv, 7 42 

Thus, when the direction of motion is parallel to the plane of incidence, for example, the Minkowski consti- 
tutive dyadics take the form 

a = xx + Q;(yy + zz) 
m X / = m (z y — y z) 
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The Minkowski constitutive scalars a and m for this case are plotted versus /3 in Fig. 9. Clearly, the 
constitutive scalars are highly sensitive to j3. Indeed, both a and m become unbounded as 13 ^ l/"\/2 = 0.707. 
This singularity may be responsible for the break down of the total reflection regime and the anomalous 
second peak in the plots of Ap and As reported in Sec. 3 at high values of /3. 

In the case of a uniformly moving metal film, the sensitivity to /? is less obvious. Since the metal 
considered in Sec. 3 is dissipative — and quite highly, too — the Minkowski constitutive relations cannot be 
used here to gain an insight into the sensitivity to /3 [18]. 

To conclude, our study further extends our understanding of electrodynamic processes at planar interfaces, 
especially relating to SPP waves. 
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Figure 1: A schematic depiction of the modified Krctschmann configuration under investigation. A plane 
wave is incident upon a metal film occupying < z < L,„. The region L„i < z < Ly, is filled by a dielectric 
slab which moves at constant velocity in the direction of v. 
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Figure 2: Left: Absorbance Ap ~ 1 ~ {Rpp + Rsp + Tpp + Tsp) (red, solid curve) plotted versus angle of 
incidence 6i (in degree) for the case /3 = 0; also plotted is the quantity Rp = Rpp + Rsp (blue, dashed curve), 
calculated when Lm = 0. Right: Absorbance As = 1 
versus angle of incidence 9i (in degree) for the case /3 = 
dashed curve), calculated when Lm = 0. 
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Figure 3: Absorbance Ap = 1 — {Rpp + Rsp + Tpp + Tsp) (red, solid curve) plotted versus angle of incidence 
9i (in degree) for the scenario where the dielectric slab moves in the direction v — x at relative speeds 
/? G {0.3, 0.6, 0.8, 0.85, 0.86, 0.9}. Also plotted is the quantity Rp = Rpp+Rgp (blue, dashed curve), calculated 
when Lm = 0. 
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Figure 5: As Fig. 4 except that quantities plotted are Ag = I — {Rs 
versus angle of incidence 9i (in degree), and the quantity Rs ~ Rss 
when Lm = 0. 
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Figure 6: Absorbancc Ap = \ — {Rpp + Rsp + Tpp + Tgp) (red, solid curve) plotted versus angle of incidence 
Oi (in degree) for the scenario where the dielectric slab moves in the direction v = (x + y) / at relative 
speeds (3 g {0.3,0.6,0.8,0.88,0.9,0.95}. Also plotted is the quantity Rp = Rpp + Rsp (blue, dashed curve), 
calculated when Lm = 0. 
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Figure 7: As Fig. 6 except that quantities plotted are As = 1 — {Rg 
versus angle of ineidence 9i (in degree), and the quantity Rs ~ Rss 
when Lm = 0. 
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Figure 8: Absorbance Ap = 1 — {Rpp + Rsp + Tpp + Tgp) (red, solid curve) plotted versus angle of incidence 
9i (in degree) for the scenario where the metal film moves in the direction v = y at relative speeds /? £ 
{0.3, 0.6, 0.8, 0.9}. Also plotted is the quantity Rp = Rpp+Rgp (blue, dashed curve), calculated when Lm = 0. 
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Figure 9: The Minkowski constitutive scalars a (red, solid curve) and to (blue, dashed curve) of the dielectric 
slab plotted versus relative speed /3 for the case where the direction of motion is parallel to the plane of 
incidence. 
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